
1 
 

Specificity of Biomarker Detection in Microfluidic Sensors  

Praneet Prakash1,a, Manoj Varma1,2,* 

1Centre for Nanoscience and Engineering, Indian Institute of Science, Bangalore 560012, India 

2Robert Bosch Centre of Cyber-Physical Systems, Indian Institute of Science, Bangalore 560012, India 

a) Present address: Warwick Integrative Synthetic Biology Centre, University of Warwick, Coventry, 

CV4 7AL, United Kingdom. 

Author to whom correspondence to be addressed: *mvarma@iisc.ac.in 

  

ABSTRACT 

The microfluidics based point-of-care (POC) sensing devices offer unmatched possibilities of 

fast and high throughput diagnosis over conventional strategies. A major challenge for the 

early detection of disease is the significantly lower concentration of biomarkers as compared 

to the interfering noise molecules. In this work, we investigate the ‘reaction parameter’ phase 

space to identify suitable reaction parameters to enhance biomarker detection specificity. 

Under similar target biomarker and noise concentration levels, we show that a target 

biomarker is more likely to be detected at low concentrations and weak target and noise-

receptor binding kinetics. Importantly, a simulation verified time-scale based methodology is 

developed to guide the appropriate choice of biomarkers for specific detection. This study 

demonstrates the prospect of successful POC diagnostic devices during early stage of 

diseases such as cancer.  

I. INTRODUCTION 

The incubation period for the development of pathophysiological conditions varies from a 

few days in malaria to several years for diseases such as cancer and AIDS1. The late 

diagnosis of lethal and invasive diseases such as cancer leads to higher mortality rate. Thus, 

early detection of disease is crucial step towards reduction of mortality rate due to the disease 

progression. The detection of biomarker molecules in the presence of noise molecules is a 

key requirement for early diagnosis2. Over the years, several sensing approaches relying on 

electrochemical, optical and mechanical phenomena have been pursued with considerable 

success3–5. However, many of them can’t be extended to point of care (POC) sensing systems 

due to their higher cost and system complexity6. The prominent biomarker detection 

techniques currently in use are gel electrophoresis, mass spectrometry and antigen-antibody 
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assays7–9. These are laboratory intensive techniques requiring highly qualified technicians to 

perform and analyse the test results. The immunoassay based antigen-antibody test such as 

ELISA are promising but employs multiple steps making it complex to implement in POC 

tests10.  

The single step antigen-antibody tests are most promising as they rely on specific reactions 

and are simple enough to be implemented in POC setups. The viability of such tests relies 

heavily on high concentration and uniqueness of the biomarker. For instance, blood sugar test 

during diabetes is based on electrochemistry and reliably works in the presence of high sugar 

content (~ 1 mM)11,12. Similarly, pregnancy tests are definitive due to highly specific binding 

reaction of monoclonal antibody and β-subunit of hCG13 which is significantly elevated post-

pregnancy. The antigen-antibody binding approach remain unsuitable for early stage 

diagnosis of diseases such as cancer, where biomarkers are present in ultra-low 

concentrations (~pM)14,15. In such scenario, microfluidics based biosensors are most 

appealing as the analyte solution can be continuously pumped until the sensor captures 

appropriate number of biomarker molecules required for reliable detection9,16. The usual 

microfluidic biosensor set-up involves the immobilization of receptors (antibody) on a solid 

surface that captures target molecules (antigen) from analyte solution based on their 

affinity17,18. The analyte molecules to be detected bind on the sensor surface resulting in the 

change of a physical variable leading to its detection. Researchers have already demonstrated 

ultra-sensitive biosensors with detection limit of fM-aM concentrations, however, they fail to 

achieve required level of specificity in the presence of non-specific noise molecules19,20. 

Thus, the diagnostic breakthrough depends on distinguishing target analyte molecules from a 

mixture of other very similar molecules.  

In this work, we study the competition between target and noise receptor binding kinetics and 

their implication towards specific detection of target molecules. The microfluidic based 

biosensor device is modelled in commercial FEM environment ‘COMSOL’21 to study the 

reaction parameter phase space. 

II. THEORY AND MODELLING 

Numerical Simulation of Surface Biosensors 

The presence of target molecules in ultra-low concentrations during early stages of a disease 

is a major impediment towards reliable diagnosis. To overcome this limitation, biosensors are 



3 
 

often housed in a microfluidic chamber (Fig. 1), where, a continuous flow of analyte solution 

maintains a steady analyte molecule concentration over the sensor surface. The target 

biomarkers react with the receptors coated over sensor surface to form target-receptor 

complex which is detected by various readout methods such as change in refractive index or 

electrical conductance. 

 

FIG. 1. A scheme showing microfluidic based surface biosensors (length of sensor, ls = 100 μm). The 

analyte solution containing target molecules is flushed over receptor coated sensor surface, where, 

they bind to form analyte-receptor complex. 

 

The flow profile of analyte solution is given by Navier-Stokes equation (Eq. 1), whereas, 

Convection-Diffusion equation (Eq. 2) is employed to trace the concentration variation within 

the microfluidic channel.  

ρ (
δv

δt
+ v. ∇v) = −∇p + µ∇2v, (x, y)  (1) 

δc

δt
= ∇. (D∇c) − ∇. (vc), (x, y)  (2) 

where, v is the convective velocity of analyte, c is the analyte concentration, and D is the 

diffusion coefficient. In the presence of single analyte molecules, the analyte-receptor 

binding kinetics can be expressed as: 

∂b(t)

∂t
= Konc(y=0)(bm − b(t)) − Koffb(t)  (3) 

where, b is the analyte-receptor complex concentration, bm is the maximum number of 

receptor sites, (bm − b) are the free receptor sites, Kon and Koff are forward and backward 

reaction rate respectively. The bound analyte-receptor complex at equilibrium (beq) depends 

only on the reaction rate and can be expressed as: 
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beq

bm
=

CoKon Koff⁄

1+CoKon Koff⁄
  (4) 

The equilibrium time is however system dependent and relies on reaction as well as transport 

parameters. We numerically calculate the evolution of analyte-receptor complex over time by 

using Eq. 1 – 3 along with no-slip boundary condition as shown in Fig. 2. 

 

FIG. 2. Boundary 1 – inlet, Boundary 2 – outlet, Boundary 3, 4, 6 – no flux condition, Boundary 5 – 

negative flux of analyte molecules over surface sensor due to analyte-receptor reaction kinetics. 

Analytical Prediction of Equilibrium Time 

The analyte molecules diffuse perpendicular to the direction of convective flow to bind with 

receptors sites. The ratio of the diffusive vs. convective transport is defined as Peclet 

number22,23: 

Pe =
Q

DWc
=

diffusive time

convective time
 (5) 

where, Q is the flow rate of analyte solution, D is the diffusion coefficient of analytes and Wc 

is the width of microfluidic channel24. A constant flux of analyte molecules over sensor 

surface can only be maintained at a high Peclet number (Pe ≫ 1) which enables the analytical 

estimation of equilibrium time. At high Peclet number, a biosensor operates either in reaction 

or transport limited regime which is determined by relative dominance of reactive and 

diffusive flux. The ratio of reactive to diffusive flux is known as Damkohler number25: 

Da =
Konbmls

Dℱ
=

reactive flux

diffusive flux
 (6) 

where, Kon is forward rate of reaction between target and receptor molecules, bm is the 

density of receptor sites, ls is the sensor length, D is the diffusion of target molecules and 

ℱ ≈ (0.81)√(6Pels
2 hc

2⁄ )
3

 is the diffusive flux of target molecules over the sensor surface26. 

A biosensor operates in reaction limited regime (Da ≪ 1) if the flux of target molecules over 

sensor surface is much larger than target-receptor binding kinetics. Accordingly, equilibrium 

time (Eq. 7) can be predicted using reaction limited expressions: 

τeq = (Koff + KonCo)−1  (7) 
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Similarly, if reactions are limited by diffusive flux (Da ≫ 1) then the equilibrium time can be 

expressed as16: 

Τeq =
Konbmls

Dℱ(Koff + KonCo)
= Daτeq  (8) 

High Interference Reaction Regime (𝐊𝐨𝐧𝐂𝐨 𝐊𝐨𝐟𝐟⁄ ≫ 𝟏) 

We explored high interference reaction regime KonCo Koff⁄ ≫ 1 assuming Peclet number 

Pe = 104 (Q = 300 μL min−1). The surface biosensor is modelled to be in the middle of 

microfluidic chamber having a length of ls = 100 μm. The height of microfluidic channel 

hc = 100 μm whereas width of channel Wc = 500 μm. The number of receptor sites is 

optimized at bm = 1015 site m−216,27. Most of the biomarkers are protein molecules whose 

diffusion coefficient in water is of the order of D =  10−11 m2s−128. 

The analyte-receptor binding kinetic is studied in (Fig. 3a) by varying backward reaction rate 

(Koff = 10−5 − 10−8 s−1) at a fixed forward reaction rate (Kon = 106 M−1s−1) and initial 

concentration (Co = 1 nM) satisfying KonCo ≫ Koff. The concentration curve of analyte-

receptor complex collapses even though Koff is varied up to 4 orders. Further, over a time-

scale of 4000 sec, the receptor sites are completely occupied by the analyte-receptor 

complex. Since, Kon = 106 M−1s−1 results in low Da = 0.52 the equilibrium concentration 

and time can be expressed by Eq. 4 and 7. Evidently, the concentration curves collapse (Fig. 

3(a)) for a fixed Kon in the regime KonCo Koff⁄ ≫ 1. Alternatively, analyte-receptor binding 

kinetics is studied by varying forward reaction rate Kon = 105 − 108  M−1s−1 at a fixed 

Koff = 10−6 s−1, Co = 1 nM in Fig. 3(b). We see a shift in concentration curves at lower Kon 

which progressively decreases at higher Kon = 107and108  M−1s−1 for which Da =

5.23 and 52.3 respectively. Hence, the sensor operates in transport limited regime, where 

equilibrium time can be expressed by Eq. 8. Interestingly, under the condition KonCo ≫ Koff, 

Eq. 8 reduces to Τeq = bmls Dℱ⁄ Co predicting no dependence on reaction rates whatsoever.  

Understandably, a significant interference from noise molecule is expected if both target and 

noise molecules are present in analyte solution and satisfy KonCo ≫ Koff. Further, the target-

receptor and noise-receptor binding kinetics may remain indistinguishable with respect to 

Kon in reaction limited regime (Da ≪ 1) and with respect to both Kon and Koff in transport 

limited regime (Da ≫ 1).  
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FIG. 3. The plot of analyte-receptor binding kinetics with time at various Koff and Kon. (a) The binding 

kinetics collapses for various backward reaction rate (Koff = 10−5, 10−6, 10−7and 10−8 s−1) at fixed 

Co = 1 nM and  Kon = 106 M−1s−1. (b) The binding kinetics progressively decreases for higher forward 

reaction rates Kon = 105, 106, 107, 108  M−1s−1 at fixed Co = 1 nM, Koff = 10−6 s−1. 

III. RESULTS AND DISCUSSION  

We study the interference due to noise molecules in the target-receptor binding kinetics. The 

concentration of target biomarker and noise molecule is varied in the range μM − pM from 

moderate to low concentrations. The reaction dissociation constant (Kd = Koff Kon⁄ ) is 

varied from 1 M − 1 aM accounting for weak to strong reactions. For the specificity analysis, 

we assumed an upper time limit of ~ 1000 sec as quick response time is desirable for the 

point of care devices (POC)29,30. 

Sensing in the Presence of Target and Noise Molecules 

A clinical analyte solution contains both target as well as noise molecules which can react 

simultaneously with the receptors. For instance, roughly 99%, 97%, 87% and 20% 

biomarkers for ovary, breast, prostate and lung cancer respectively are estimated to be 

proteins, many of which interfere via cross-reactions during target detection31,32. For 

example, CA-125 is a well-known cancer biomarker which belongs to the family of 

Carcinoembryonic antigen (CEA), a set of highly related glycoproteins which often give false 

positives due to non-specific binding from noise molecules present in similar order of 

concentration33–35. The reaction kinetics for simultaneous target and noise reaction where, b 

is the analyte-receptor complex concentration, bm is the maximum number of receptor sites is 

described as:  

db1(t)

dt
= kon1Co1(bm − b1(t) − b2(t)) − koff1b1(t)  (9) 
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db2(t)

dt
= kon2Co2(bm − b2(t) − b1(t))) − koffb2  (10) 

b1eq

bm
=

Co1 Kd1⁄

1+Co1 Kd1+⁄ Co2 Kd2⁄
;  

b2eq

bm
=

Co2 Kd2⁄

1+Co1 Kd1+⁄ Co2 Kd2⁄
  (11) 

The reaction of target (b1) and noise (b2) molecules with the receptor sites progresses as per 

Eq. 9, Eq. 10, where, the respective equilibrium concentration is given by Eq. 11. The 

analytical expression of equilibrium time for a two-component reaction consisting of target 

and noise molecule is overly complicated to guide any further. Therefore, the binding kinetics 

over sensor surface in the presence of noise molecules is simulated to gain further insight. 

We have studied the target-receptor binding kinetics in the presence of noise molecules by 

varying forward and backward reaction rate (Fig. 4). The forward reaction rate and 

concentration of both target and noise molecules is fixed Kon = 105 M−1s−1, Co = 100 nM 

where, backward reaction rate of noise molecule is varied Koff = 10−1 − 10−3 s−1. The 

concentration of target molecules (smooth curves) clearly diverges from the noise molecules 

(broken curves) as shown in Fig. 4(a) resulting in a clear delineation of target-receptor and 

noise-receptor binding kinetics. Interestingly, binding kinetics of target and noise molecules 

merge on further decrease in the backward reaction rate of target (Koff = 10−6 s−1) and noise 

(Koff = 10−5 s−1) molecules (Fig. 4(b)) which implies target biomarker molecules can’t be 

specifically detected in the presence of noise molecules.  

The reaction kinetics in the presence of target and noise molecules proceed according to Eq. 9 

and Eq. 10, where the ratio of bound target and noise molecules is given as 
b1eq

b2eq
=

Co1 Kd1⁄

Co2 Kd2⁄
 

(Eq. 11). At equilibrium bound target molecules (b1eq) will be always larger than bound 

noise molecules (b2eq) since Kd1 < Kd2. However, the time required for the reactions to 

achieve equilibrium can be much higher in the case of lower backward reaction rate (Fig. 

4(b)) which isn’t desirable for a POC device. Further, the target and noise binding kinetics 

interfere with each other only if the bound target and noise molecules become comparable to 

surface sites i.e. bm ≈ b1(t) or b2(t) as inferred from Eq. 9 and Eq. 10. Hence, the initial 

phase of target and noise binding kinetics progresses as if there is no other molecule is 

present. As the Da ≈ 0.05 ≪ 1 for the target molecule (Kon = 105 M−1s−1), the typical time 

up to which the reactions proceed independently is given by Eq. 7 i.e. τeq = (Koff +

KonCo)−1. Since KonCo ≫ Koff for all values of target and noise molecules, we can see that 

the initial binding kinetics of target and noise molecules merge in Fig. 4(a) and Fig. 4(b) as 
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Kon is fixed and τeq =  (KonCo)−1.  Later on, as the time progresses the reaction tilts toward 

target-receptor complex which is limited by the unbinding rate of noise molecules (1 Koff)⁄ . 

The unbinding time-scale of noise molecules with Koff = 10−4, 10−5 s−1 is 104, 105 sec 

respectively making it impossible to specifically detect the target molecule within a 

reasonable time of 1000 sec. 

FIG. 4. The target (smooth curves) and noise-receptor (broken curves) binding kinetics, where, 

concentration of both target and noise molecule is 100 nM. Reaction parameters: (a) Target molecule 

- Kon = 105 M−1s−1, Koff = 10−4 s−1; Noise molecule - Kon = 105 M−1s−1, Koff(𝑣𝑎𝑟𝑖𝑒𝑑) = 10−1 −

10−3 s−1. (b) Target molecule - Kon = 105 M−1s−1, Koff = 10−6 s−1; Noise molecule - Kon =

105 M−1s−1, Koff(𝑣𝑎𝑟𝑖𝑒𝑑) = 10−3 − 10−5 s−1. (c) Target molecule - Kon = 105 M−1s−1, Koff = 10−4 s−1; 

Noise molecule - Kon(𝑣𝑎𝑟𝑖𝑒𝑑) = 102 − 104M−1s−1, Koff = 10−4 s−1. (d) Target molecule - Kon =

108 M−1s−1, Koff = 10−6 s−1; Noise molecule - Kon(𝑣𝑎𝑟𝑖𝑒𝑑) = 105 − 107M−1s−1, Koff = 10−6 s−1. 

Similarly, we probe the interference of noise molecule of various forward reaction rate 

(Kon = 102 − 104 M−1s−1) at a fixed backward reaction rate (Koff = 10−4 s−1) of target 

(Kon = 105 M−1s−1) and noise molecules as shown in Fig. 4(c). Again, the initial target and 

noise binding kinetics will progress independently with forward reaction time scale of τeq =

 (KonCo)−1. Accordingly, we can see in Fig. 4(c), the concentration profile for different Kon 

is well separated. For even higher forward reaction rates of target Kon = 108 M−1s−1 and 
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noise molecules Kon = 106, 107, 108  M−1s−1 at a fixed Koff = 10−6 s−1, the system 

transitions into the transport limited regime i.e. Da ≫ 1. Accordingly, the equilibrium time is 

given by Eq. 8 and the dependency on higher values of Kon progressively decreases as shown 

in Fig. 4(d). Afterwards, no change in the concentration of target and noise-receptor binding 

kinetics is observed since, the unbinding time-scale (1 Koff⁄ )  of noise molecules is of the 

order of 106 sec. 

The reaction parameters Kon > 104 M−1s−1 and Koff < 10−4 s−1 exhibiting high 

interference comprises over 60% and 20% of the reported protein-ligand binding affinities 

respectively32,36. Further, several biomolecules are structurally similar and differ only with 

regards to their active sites. As a result, the forward reaction rates (Kon) is similar for both 

noise and target biomolecule resulting in binding kinetics to be dependent solely on the 

backward reaction rate (Koff). For instance, CA2 (Carbonic Anhydrase II) is a biomarker for 

gastrointestinal tumor that is present along with other noise molecules i.e. CA7, CA9, 

CA1237–39. The forward reaction rate with respect to the ligand, 4-[(Pyrimidin-2-

Ylsulfanyl)acetyl] benzenesulfonamide, in all cases is ≈ 106 M−1s−1, accordingly, the 

specificity of CA2 detection relies only on the relative concentration and backward reaction 

rates31. 

Identifying Appropriate Biomarker for a Microfluidic POC Device 

The prominent biomarkers of various diseases are generally proteins that are present in either 

equal or lower concentrations as compared to the other similar and highly related proteins 

which make their specific detection a difficult task. The ratio of the equilibrium concentration 

of target and noise receptor complex as explained previously is b1eq b2eq⁄ =

Co1Kd2 Co2Kd1⁄ , therefore, a target biomarker can be reliably detected either if they are more 

in numbers (Co1 ≫ Co2) or have a stronger binding kinetics (Kd1 ≪ Kd2) as compared to the 

noise  molecules. The common POC biosensors for diabetes or pregnancy related test relies 

on the spikes in biomarker concentration. For instance, the level of pregnancy biomarker 

‘human chorionic gonadotropin’ (hCG) jumps 10000 folds from 5 mIU/mL to 50000 mIU/

mL within six weeks of pregnancy40. In contrast, the concentration of cancer biomarkers in 

the early stage of disease is very low (~pM) and is in the similar concentration range as that 

of other similar biomolecules2,41. The presence of target molecules in low concentration sets 

stringent conditions on specific detection. In such scenario it is important to identify the 
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reaction parameters where, specific detection is fundamentally limited by reaction kinetics up 

to a reasonable time-scale42,43. 

We have previously shown that the initial phase of target and noise receptor binding kinetics 

progress independently and with time the equilibrium shifts in the favour of stronger reaction 

(target-receptor complex) regulated by the unbinding time scale (1 Koff⁄ ) of noise molecules. 

Therefore, a reasonable prediction can be made by utilizing our understanding of individual 

target and noise-receptor binding kinetics. The equilibrium concentration and time (Log-Log 

plot) calculated at various Kon and Koff and analyte concentrations of pM, nM, μM is shown 

in Fig. 5. The circled portion in the Fig. 5(a), Fig. 5(c) and Fig. 5(e) indicates the reaction 

regime, Kon1,2Co1,2 ≫ Koff1,2 (Eq. 4), which satisfies the condition of b1eq, b2eq ≈  bm and is 

not conducive for a specific detection. The circled area representing the reaction regime is 

prone to interference and progressively increases as the analyte concentration increases from 

pM, nM to μM as shown in Fig. 5(a), Fig. 5(c) and Fig. 5(e) respectively.  
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FIG. 5. Log plot of equilibrium concentration (a, c, e) having corresponding analyte concentration 

1pM, 1 nM, 1 μM  – white encircled portion indicates that the sensor saturates if KonCo ≫ Koff and is 

prone to interference. Log plot of equilibrium time (b, d, f) having corresponding analyte concentration 

1pM, 1 nM, 1 μM – red encircled portion indicates the reaction parameter regime where target and 

noise-receptor binding kinetics merge, if KonCo ≫ Koff and Da ≫ 1. The reaction parameters encircled 

in red exhibits loss in specificity which covers increasingly large portion of phase space as the 

concentration is increased in figure (b), (d), (f) respectively.  

The equilibrium time is displayed in Fig. 5(b), Fig. 5(d) and Fig. 5(f), where, high 

interference regime (Kon1,2Co1,2 ≫ Koff1,2) is appropriately marked. The reaction parameter 

phase space exhibiting loss in specificity of target biomarker molecule detection is explained 

as follows: 

a) Reaction limited condition (Da ≪ 1):  

The equilibrium time for analyte molecules over the sensor surface (Log-Log plot) at various 

Kon and Koff and analyte concentrations (pM, nM, μM) are shown in Fig. 5(b), Fig. 5(d) and 

Fig. 5(f) respectively. The dependency of equilibrium time (τeq1,2 ≈ (Kon1,2Co1,2)−1) on 

backward reaction rate (Koff) vanishes under high interference (Kon1,2Co1,2 ≫ Koff1,2) and 

reaction limited condition (Da ≪ 1). Hence, if the concentration of target and the noise 

molecules are similar (Co1 ≈ Co2), then the target and noise-receptor binding kinetics would 

merge for similar forward reaction rate (Kon1,2). The encircled circular region in red between 

the line marked by KonCo = Koff and Da < 0.5 in Fig. 5(b), Fig. 5(d) and Fig. 5(f) satisfies 

above condition and hence, the target and noise receptor binding kinetics can’t be 

differentiated based on backward reaction rate (Koff1,2) within 1000 sec. 

b) Transport limited condition (Da ≫ 1):  
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The dependency of equilibrium time (τeq1,2 ≈
bmls

DℱCo
) on reaction rates Kon and Koff vanishes 

under high interference (Kon1,2Co1,2 ≫ Koff1,2) and transport limited condition (Da ≫ 1). 

Accordingly, if the concentration of target and receptor molecules are similar (Co1 ≈ Co2) 

then target and noise-receptor binding kinetics merge upto equilibrium time regardless of the 

reaction rate constants (Kon1,2, Koff1,2). The region beyond the line marked by KonCo ≫ Koff 

and Da > 5 in Fig. 5(b), Fig. 5(d) and Fig. 5(f) satisfies this condition and thus the target and 

noise-receptor binding kinetics can’t be differentiated up to equilibrium time. The reaction 

regime encircled in red beyond Da > 5 as shown in Fig. 5(b), Fig. 5(d) and Fig. 5(f) has 

unbinding time-scale larger than 1000 sec and is not suitable for target detection with respect 

to the reaction rates Kon1,2 and Koff1,2.  

To summarize, we have first established Kon1,2Co1,2 ≫ Koff1,2 as the reaction regime having 

high noise interference. In this condition if the target and noise molecules are present in 

similar concentrations (Co1 ≈ Co2) then the target specificity with respect to the backward 

reaction rate (Koff) is lost in reaction limited regime (Da < 0.5). Further, the specificity is 

lost both with respect to Kon and Koff in transport limited regime (Da > 5). The loss of 

specificity in both the reaction and transport limited regime is up to equilibrium time-scale 

and can persist further for larger unbinding time scale of noise molecule (1 Koff)⁄ . Perhaps 

the most remarkable finding from this exercise is the region signifying complete loss in 

specificity (marked region in red beyond Da > 5 in Fig. 5(b), Fig. 5(d) and Fig. 5(f) increases 

with increase in concentration and lies towards the stronger reaction i.e. high Kon and low 

Koff implying low concentrations and weak reactions are more suited for specific detection. 

IV. CONCLUSION 

Medical diagnostics relies on the efficient detection of target analytes by the biosensors and 

bioanalytical devices. In this study, we establish the reaction regimes, where, the detection of 

target biomarker in the presence of noise molecules is not possible within 1000 sec. We 

pedagogically developed the understanding of binding kinetics for multiple analyte molecules 

and established that the conventional wisdom of high analyte (target, noise) concentration 

and stronger reaction (high Kon, low Koff) are not suited for specific detection. The presented 

semi-analytical approach towards the understanding of binding kinetics in the presence of 

multiple analyte molecules will help in narrowing down the choice of biomarkers for the 

POC devices. 
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